Ebstein's anomaly of the tricuspid valve, originally described in 1866, remained, until recently, a pathological curiosity, and only some 26 cases had been reported when Tourniaire, Deyrieux, and Tartulier published the first account of one diagnosed clinically in 1949. During the past 15 years, in which there has been widespread interest in all types of congenital heart disease, Ebstein' s anomaly has perhaps received rather more than its fair share of attention, with the result that few centres cannot now produce a small collection of patients with this malformation.
Its clinical and electrocardiographic features have been carefully documented and regularly reviewed by many authors, amongst the most recent of whom are Vacca, Bussmann, and Mudd (1958) and Schiebler et al. (1959) , and there is at present little difficulty in recognizing the characteristic physical signs in the typical case with cardiomegaly. There is, however, a wide scatter in the clinical picture, which sometimes bears little resemblance to the socalled classical case, and it is not always easy to make a bedside diagnosis, especially in those with small hearts, where the differential diagnosis between Ebstein's anomaly and a cardiomyopathy of one sort or another may be extremely difficult.
This may not have mattered greatly when diagnosis was merely of academic interest, but now that attempts are being made to treat the condition surgically (Glenn, 1958; Gasul et al., 1959; Schiebler et al., 1959; McGredie et al., 1962; Barnard and Schrire, 1963; Reed, Kittle, and Heilbrunn, 1963; Scott et al., 1963; Cartwright et al., 1964; Hardy et al., 1964; Lillehei and Gannon, 1964; Bahnson, Bauersfeld, and Smith, 1965; Lillehei and Gannon, 1965) , an accurate pre-operative assessment of the exact nature and severity of the lesion has assumed considerable importance, as patients with Ebstein's Received May 17, 1965. anomaly are notoriously bad operative risks (Engle et al., 1950; Broadbent et al., 1953; Gasul et al., 1953; Goodwin, Wynn, and Steiner, 1953; Lev, Gibson, and Miller, 1955; Kilby et al., 1956; Caddell and Browne, 1963) . Though cardiac catheterization and angiocardiography may be helpful and yield valuable information, in many patients no intracardiac investigations have been carried out because of repeated warnings about the dangers of these procedures in such patients (Baker, Brinton, and Channell, 1950; Engle et al., 1950; Schaede, 1951; Blacket et al., 1952; Campbell, 1953; Kjellberg et al., 1955; Brown, Heath, and Whitaker, 1956; Wood, 1956; Mayer, Nadas, and Ongley, 1957) ; in addition there is a lack of detailed knowledge about the haemodynamic effects peculiar to this lesion. While there is no doubt that catheterization carries a greater risk in these circumstances, increased experience of investigative techniques in general, plus improved methods of dealing with rapid paroxysmal tachycardia and cardiac arrest, have made it much less hazardous than it used to be. Provided that the examination is performed by skilled workers who understand the dangers involved and who are properly equipped to deal with the emergencies that are likely to arise, there is no reason why those with Ebstein's anomaly should not be investigated in the same way as those with any other serious congenital cardiac lesion for whom surgery is contemplated.
Of the intracardiac aids to diagnosis that may be helpful, the best known and most commented upon is the electrode catheter, which, though of great value during routine cardiac catheterization (Watson, 1964) , was not widely used in diagnostic work until Clark and Bargeron (1959) reported the detection of left-to-right shunts with a platinum electrode when hydrogen was used as an indicator. Sincethen, Sodi-Pallares' suggestion that there might be a possibility of diagnosing Ebstein's anomaly of the tricuspid valve by means of intracavitary leads (Sodi-Pallares and Marsico, 1955; Sodi-Pallares et al., 1954) has been widely adopted, and there is no doubt that this idea, which was further elaborated in classical papers by Hernandez, Rochkind, and Cooper (1958) and Yim and Yu (1958) , is a most useful test. It does have limitations, however, and both false positive (Gandhi and Datey, 1963) and false negative (Moles, Jacoby, and McIntosh, 1964) records have been reported. Gandhi and Datey (1963) in an analysis of tracings made as an electrode catheter was withdrawn from the right ventricle into the right atrium in 40 patients, some with and some without heart disease, thought that when withdrawal occurred at low atrial levels, the results might be fallacious. Moles and his colleagues (1964) demonstrated that a normal intracardiac electrocardiographic and pressure relationship might be present in a patient with Ebstein's anomaly when the catheter was withdrawn across the tricuspid valve at mid-atrial level and suggested that this might be because the anterior leaflet was attached to the true annulus along its medial aspect. Illustrating a positive record from the same patient, in which a right ventricular type electrocardiogram and an atrial pressure pulse appeared simultaneously, they stressed the need for careful exploration of the tricuspid area. Both groups re-emphasized the importance of defining the relationship of such changes, and also, if possible, the position of the tricuspid valve, to the spine in the postero-anterior view of the heart during radiography.
Despite the fact that the simultaneous recording of the intracardiac electrocardiogram and pressure pulse is of proved value in a great variety of ways during cardiac catheterization (Goodale et al., 1949; Ferrer it al., 1949; Giraud et al., 1951; Steinberg, Kroop, and Grishman, 1952; Emslie-Smith, 1955; Emslie-Smith, Lowe, and Hill, 1956; Dickens and Goldberg, 1958; Dickens, Maranhao, and Goldberg, 1959; Dickerson and Caris, 1959; Bertrand, Zohman, and Williams, 1959; Watson et al., 1960; Watson and Lowe, 1962; Watson, 1962; Watson, 1964; Watson, Breckenridge, and Lowe, 1964; Watson and Lowe, 1965 ), Ebstein's anomaly appears to be the one condition in which its use has fired the imagination. Electrode catheters are therefore being used, when this malformation is suspected, by many who have little other experience of recording electrocardiograms inside the heart, and the diagnosis is often "confirmed" on very slender evidence.
The purpose of this communication is to point out some of the changes that may be expected in the normal course of events, when an electrode catheter is withdrawn from the right ventricle into the right atrium, and to emphasize a few of the pitfalls that await those who may be tempted to rely upon this as the definitive method in the diagnosis of Ebstein's anomaly. These observations are based on serial studies over the past 10 years, during which thousands of withdrawal tracings have been made across the tricuspid valve with electrode catheters in more than 700 patients with congenital or acquired heart disease, 6 of whom had Ebstein's anomaly.
The intracardiac electrocardiographic diagnosis of Ebstein's anomaly is based upon two essential features of cavity potentials. The first is that when an electrode catheter is withdrawn from the pulmonary artery through the right heart, certain characteristic changes take place in the intracardiac electrocardiogram, which help to locate its tip if they are correlated with a simultaneously recorded pressure pulse. There is usually a striking alteration in the morphology of the complexes as the electrode passes backwards from the thick muscular-walled cavity of the ventricle into the thinwalled atrial chamber. As can be seen in Fig. 1 , the voltage ofthe QRS complexes is greatly reduced, and the P waves, which in the ventricles are similar to those in surface scalar leads, become relatively large and are often the main deflections. This change coincides with the transition from ventricular to atrial pressure pulses, and for practical purposes pinpoints the site of the tricuspid valve on the oscilloscope during cardiac catheterization or on photographic records taken during the procedure. By this method it is usually possible to make a fairly accurate estimate of the position of the tricuspid valve inside the cardiac silhouette on the x-ray screen during fluoroscopy.
Thus, on withdrawal in Ebstein's anomaly, where the first part of the right ventricle has become atrialised, the electrode at the tip of the catheter will continue to record right ventricular potentials after the pressure pulse has changed from a ventricular to an atrial wave form, and this change will take place well to the left of the spine. Furthermore, under these peculiar cirumstances, there will be no change in the pressure pulse at the point where the morphology of the intracardiac electrocardiogram alters when the true right atrium is entered. The end result is a tracing upon which there are three distinct zones. Examples of each, from a case of Ebstein's anomaly, are illustrated in Fig. 2 Fig. 4 , there are unbalanced ventricular potentials of considerable mantde. This is in sharp contradistinction to the electrical field at the other side of the valve ring, which is near the outer border of the heart, and where much less powerful forces from the upper part of the free ventricular wall produce only low voltage QRS complexes such as are seen throughout the other parts of the atrial chambers.
The route taken by the electrode-tipped catheter, while the false positive Ebstein-like record illustrated in the lower half of Fig. 3 was made, is indicated in Fig. 5 Fig. 6 , characteristic complexes from the atrialised portion of the ventricle may be recorded during a relatively long part of the withdrawal. The potentials responsible for the false positive records of the type illustrated in Fig. 3 and 5, on the other hand, are present only in a circumscribed area, and unless withdrawal is very slow, or is halted when they appear on the oscilloscope, the length of the transitional zone on the record is likely to be short.
During cardiac catheterization, however, and especially while recording withdrawal tracings, the catheter tip is liable to move very rapidly from one part of the heart to another. Sudden movements from the right ventricle into the right atrium are just as likely to occur in Ebstein's anomaly as in any other condition, and are probably the most common cause of false negative results. This is demonstrated in Fig. 7 tricuspid valve, which, during cine-angiocardiography, could be clearly seen to extend across to the lower end of the right ventricular outflow tract, as is shown diagrammatically on the postero-anterior radiograph of her heart. There was, therefore, a large atrialised portion in her right ventricle, which almost amounted to a third chamber and from which a typical Ebstein tracing (the lower of the two in Fig. 7) , containing an intermediate zone with a ventricular electrocardiogram and an atrial pressure pulse, was recorded on withdrawal from A to B.
On another withdrawal, however, when the catheter tip took the short route out of the ventricle, it moved from the lower end of the outflow tract into the upper part of the right atrium, without recording a single complex in the transitional zone. Its course from A to C was characterized by one ventricular ectopic beat as it turned the corner out of the infundibulum, one pressure pulse showing valve slap at the outlet of the atrialised ventricle, and thereafter it moved rapidly through the atrialized chamber into mid and upper atrium, where its course can be followed from the polarity of the atrial P waves. This record, therefore, contains nothing to suggest a diagnosis of Ebstein's anomaly, and though multiple slow and careful withdrawals were made, the majority, like the upper of the two in Fig. 7 , were false negative tracings. The second feature of cavity potentials upon which the intracardiac electrocardiographic diagnosis of Ebstein's anomaly is based depends upon the fact that contact or injury currents occur when the electrode at the tip of a catheter touches the atrial or ventricular endocardium. Examples are shown in Fig. 8 , where it will be seen that contact with the atrial wall produces elevation of the PT segments in the atrial electrocardiogram, and contact with the ventricular wall causes ST elevation in the ventricular electrocardiogram. It follows, therefore, that if an ST shift appears in a chamber where an atrial pressure pulse is being recorded, the cavity is surrounded by ventricular muscle: it was this combination that prompted Sodi-Pallares and Marsico to suggest in 1955 that electrode catheters might be of value in the investigation of those suspected of having this condition.
When present, they are certainly helpful, but I have been unable to record this phenomenon despite repeated attempts to do so during cardiac catheterization in six patients with Ebstein's anomaly. Its complete absence from multiple records taken when contact had been deliberately established was puzzling, and prompted a closer examination of the anatomy of the valvular deformity. From this it is clear that no two Ebstein valves are alike. In some the cusps are small, fenestrated, and abnormally inserted, but in others they are long, greatly thickened, sail-like structures, and arise from the annulus. Such valve tissue lying between the catheter and the right ventricular endocardium would effectively prevent the passage of contact currents between the electrode and the heart muscle. One can only assume that those who have recorded ST shifts in atrialised ventricular chambers have been lucky enough to pass the tip of the catheter through a fenestration in one of the valve cusps or to touch a small area of endocardium exposed by a rudimentary leaflet.
However, because partial damping is a frequent cause of pressure pulse artefacts on records made during cardiac catheterization, and because contact currents on simultaneously recorded intracardiac electrocardiograms frequently give warning of this possibility (Watson, 1962 (Watson, , 1964 Watson et al., 1964) , all pressure pulses recorded in the presence of PT or ST elevations must be viewed with suspicion, since it is likely that the tip of the catheter is at least in partial contact with the wall of the heart. 
